Fire is one of the most common natural harassments and it is characterized as an important component of the systems, although little studied regarding the influence of this event in social wasps communities. One month after the end of the collections, the area of Regenerating Brazilian Savanna of the present study undertook a fire in exactly half of the points sampled, which motivated one further year of sampling. The aim of this study was to compare the social wasps fauna collected before and after the fire, indicating a possible impact on their populations. In the first year of collection, before the fire, 21 species (seven genera) were sampled with a total amount of 297 individuals. In the second year, after the fire, 14 species were collected (reduction of 33,33% in richness) and six genera, with an abundance of 153 wasp individuals of Vespidae (loss of 48,48% of individuals). The area 1 in the first year, presented an abundance of 182 individuals (61,27%) and 16 species (76,19%) and the area 2, 115 (38,73%) and 19 species (90,47%). For the area 1 in the second year, 74 individuals (48,36%) and 12 species (85,71%) were captured and for the area 2 there were 79 individuals (51,64%) distributed among nine species (64,28%). However, we did not find significant values for both the abundance and for the richness among the areas and the years of sampling. Nine species were not registered in the second year, although two presented their registration only after the fire.
Introduction
In some ecosystems such as seasonally dry forest (Pinarda & Huffmana, 1997) , mixed temperated forest (Abrams, 1992) and Brazilian Savanna (Miranda et al., 2002) , fire is one of the most common natural perturbations and is an important element in the dynamics of these ecosystems (Hobbs & Huenneke, 1992) . Fire occurrence is influenced by meteorological conditions and climatic changes; however, according to Mistry (1998) , the principal cause of fire in the Brazilian Savanna is through agricultural activities.
Brazilian Savanna mostly occurs at tropical latitudes and have their existence directly linked to the rain cycle Miranda, 2005) and favors the proliferation of herbs. Fires can also alter the pattern of flowering of some species (Prada et al., 1995) , the tenacity of leaves (Vieira et al., 1996) and in general, fires increase the availability of food for the herbivores during the dry season (Rodrigues, 1996) , due to these bloom after fire and tender leaves.
Insects are important in the colonization of the burned areas once fire can attract a wide range of arthropods through their perception of smoke and high temperatures; many of them use the burned trees for breeding and larvae that are born feed on dead wood (Lyon et al., 2000) .
Insects are the most abundant and diverse group of animals in the terrestrial environment and particularly, the Hymenoptera is one of the largest orders with around 130 thousand species (Rafael et al., 2012) . Among Hymenoptera, wasps are highlighted because they provide different environmental services as floral visitors (Heithaus, 1979; Barros, 1998; Silva-Pereira & Santos, 2006; Hermes & Köhler, 2006) and pollinators (Barros, 1998) , being also important predators mainly of the larvae of Lepidoptera, thus being one of the main top-down drivers of herbivory. In other words wasps are important biological control agents (Prezoto, 1999) .
Despite social wasps present a considerable share of the desirable characteristics of a bioindicator group little research has been conducted on this topic. As far as we are aware of, there are only three studies exploring the use of wasps as bioindicators: two studies investigated the concentration of heavy metals in larvae, pupae and adults of two species of wasps in Europe (Urbini et al., 2006) , and the third one was conducted in Brazil by Souza et al. (2010) who investigated the use of wasps as bioindicators of conserved riparian woods of Rio das Mortes, City of Barroso, Minas Gerais. Of the thirty six species registered by Souza et al. (2010) Pseudopolybia vespiceps (Saussure) and Polybia fastidiosuscula (Saussure) were considered as indicators of conserved forest, while Mischocyttarus drewseni (Saussure) was an indicator of highly impacted areas.
In this study we explored the potential of the community of social wasps as bioindicators of perturbation by fire in the Brazilian Savanna. We took advantage of a fire that consumed roughly half of an area that was being surveyed to investigate the richness of social wasps. This unfortunate incident gave us the opportunity to investigate how the community of social wasps reutilize and recolonize burn down areas therefore proving an indication of ecosystem recovery. In particular we aimed to compare the community of social wasps before and after the fire.
Material and Methods

Study site
The studied site was an area of regenerating Brazilian Savanna about 25 ha limits at the South with the São Paulo State University (Universidade Estadual Paulista -UNESP) and at the Northeast with the State Forest Edmundo Navarro de Andrade -FEENA. The area presents a history of successive impacts, but it was observed a regeneration stage before the fire.
The climate in the region, according to the classification of Köppen, is of the Cwa type (tropical with two well defined seasons), characterized by drought in winter and average temperature in the hottest month above 22°C. The dominant vegetation at the study site is characterized by the dominance of grove species such as the Brazilian Savanna and herbaceous species such as from the families Poaceae, Fabaceae and Asteraceae (Personal Communication) and arboreous species such as from the families Myrtaceae, Asteraceae, Melastomataceae, Fabaceae (Potascheff et al., 2010) , the site presents an aspect of woods, absence of sub-woods and trees of uniform size (Cardoso-Leite et al., 2004) being that the area of studies presents approximately 250.000 m 2 (Fig 1) .
Initial survey was planned along 10 sampling points spaced at least 100 meters from each other. All points were visited every other month, from September 2012 to July 2013 and wasps were caught with attractive traps and by active search. Just after July 2013, approximately 140.000 m 2 area caught fire with a considerable loss of the vegetation community what motivated a further year of work to address the impact of fire on the wasp community. Thus, the study site was divided in two areas, area 1 (points from 1 to 5) that remained unaffected by fire and area 2 (points 6 to 10) that was burned (Fig 1) . We resumed our sampling campaign 45 days after the end of the burning and kept the sampling campaign from September 2013 to July 2014.
Methods of sampling
Attractive Traps -10 points were marked, being five at about 1.5 m above the soil and five in the level canopy (about 5-9 meters from the soil). Each trap was made of a 2 liters PET container, placed at 100 meters from each other. In each container there were made four circular openings with about 3 cm in diameter and baited with 200 ml of attractive juice (concentrated juice of passion fruit with sugar). The samples were collected with the aid of sieve and tweezers and fixed in 70% alcohol containers of the collection type (Locher et al., 2014) .
Active Search -A team of three trained people in all collections applying the same effort. The search for wasps in through the area along existing trails and when found, wasps were collected with the help of an entomological net. Wasps were killed in a death chamber containing ether and latter fixed in 70% alcohol. Active search was conducted from 9:00 to 16:00 that covers the peak of foraging activity of most wasps.
Identification and destination of the collected material
Samples were identified by genders and species with the help of dichotomous keys (Richards, 1978; Carpenter & Marques, 2001) and comparison with reference material at the collection of social wasps of the Zoology Department. Voucher specimens were deposited in the collection of invertebrates of the Emilio Goeldi Museum of Pará (MPEG).
Data analysis
The programs used in the analysis were PAST -version 1.49 (Hammer et al., 2001) , BioEstat -version 5.0 (Ayres et al., 2007) and resources of the free program R Development Core Team (2009) .
In order to compare if there were significant differences in abundance and species richness between the pre and post fire period, we pooled by adding the abundance of each species in every collection point before and after the fire. We used the total abundance at each point and the species richness observed at each point as response variables to test if the fire had affected these community metrics. We used Generalized Linear Model on the program R, where abundance and richness were the response variables in separated models and fire with two levels (pre-and post-fire) was the explanatory variable. Both models were fitted with the gamma distribution and the inverse link function to meet model assumptions.
To verify if the number of collections was enough for a sampling of the social wasps community in the areas of this study and between the pre and post fire periods, the rarefaction method by the Program R was used. To estimate the number of species in the pre and post fire period, the Jackknife 1 and 2 estimators were used.
The non-metric multidimensional scale (MDS) was used for the evaluation of inter-local differences of area 1 (points from 1 to 5) without burning in the first year (A1/SQ), area 2 (points from 6 to 10) without burning in the first year (A2/SQ), area 1 without burning in the second year (A1/SQ), area 2 with burning in the second year (A2/Q). The aim was to verify the similarity among the points in these areas and the confection of the MDS figure was performed in the Program R using the MASS package. The MDS is a method that takes as basis the proximity of objects, subjected to stimulus used to produce a spatial representation of them (Härdle & Simar, 2007) . In this case, the objects are the pre-defined points in each area and the stimulus was the fire that occurred in one of the sites. The proximity expresses the similarity among these points. The MDS is a technique of dimensional reduction, once its aim is to find a set of points in low dimension (usually two dimensions) which reflect the configuration of the data in high dimension.
Results
In the first year of collection, 21 species were sampled, distributed among seven genera and a total of 297 individuals. In the second year, after a case of fire, only 14 species were collected (33.3% reduction in species richness) and six genera, with a total abundance of 153 wasps (48.5% less than in previous year) ( Table 1 ). The abundance of social wasps was reduced significantly by 48% after the fire (X 2 = 8.1, df = 1, p =0.005 ). In the same way, species richness was reduced by 49% after the fire (X 2 = 17; df = 1; p< 0.001).
Rarefaction curves (Fig 2) showed that in the pre and post fire periods the sampling effort was sufficient to estimate accurately the composition of the wasp community in the study site. The Jackknife 1 and 2 estimators predicted 25.2 and 24.8 species respectively for the pre-fire period what means that we recorded between 83.4% and 84.8% of the actual species composition of the wasp community in the study site. For the post-fire period, Jackknife1 and 2 estimators predicted 18.4 and 19.8 species respectively what means that we sampled between 76.2% and 70.1% of the actual species richness left after the burn, respectively. Table 1 . Abundance of social wasps in areas 1 (without burning) and 2 (without burning) in the first year and areas 1 (without burning) and 2 (with burning) in the second year in a fragment of Brazilian Savanna, Rio Claro, Brazil. When broken down by areas and years we observed in the first year, in area 1 total abundance of 182 individuals (61.3%) distributed in 16 species (76.2%) while in area 2 there were 115 individuals (38.7%) and 19 species (90.5%) and there were no significant differences between the two areas in year one in abundance and species richness ( Table 2) . Cross comparison of areas and years showed a significant 52.6% reduction in the species richness of area 2 after the burn, and a marginally not significant 36.8% difference (p = 0.06) when comparing area 2 before the burn with area one after the fire. In abundance we observed a marginally not significant 36.8% difference between years in the unburned area, and a just marginally not significant 56.5% difference in abundance between area 1 before the fire and area two after the fire (Table 2 and Fig 3) .
The non-metric multidimensional scaling (MDS) showed that area 1 and 2 before the fire had the wasps communities with the highest degree of resemblance in composition and structure as the polygons that define them greatly overlapped (Fig 4) . In contrast area 2 before and after the burn represent the most distant polygons suggesting considerable differences in composition and structure of the recorded communities. This analysis also suggests either an indirect effect of fire on the wasp community of the non-burn area or simply caught the yearly variability in the community, since there a notorios spatial separation of the polygons define area 1 before and after the burn.
Agelaia pallipes (Olivier) represented 59.9% (178) of the individuals collected in the first inventory and 66.7% (102) in the second, being the most abundant species. The second most representative species was Polybia ignobilis (Olivier), with 24 individuals (8.1%) in the first inventory and Mischocyttarus drewseni, with 10 individuals (6.5%) in the second. The other species presented a frequency below 6.0% in the two years of sampling.
A. multipicta (Haliday), A. vicina (Saussure), Apoica pallida (Olivier), Poly. minarum (Ducke), Protonectarina sylveirae (Saussure), M. mattogrossoensis (Zikán), M. rotundicollis (Cameron), M. tricolor (Richards) and M. montei (Zikán) were the species that were not observed after the fire, representing a loss of 42.8% of the species registered for the first year ( Fig 5) . However, two species (Brachygastra lecheguana (Latreille) and M. cassununga (R. Von Ihering) were not registered in the first year of collection, but were sampled after the fire in the area (Table  1 and Fig 5) .
In the first month of collection after the fire (September 2013), we saw a nest of B. lecheguana still active, although affected by the burning. However, in the following five sampling campaigns the nest was observed to decline and there were no further capture of individuals of this specie. Regarding M. cassununga, only one individual was collected during all the collection period, in the month of November. 
Discussion
In the Brazilian literature, few studies emphasize the impact of fire on the community of social wasp, even when they had occurred during inventories and at most it is related only as an eventuality during the collection period. Thus, a deep discussion over this subject is very much limited by the lack of robust data on this issue.
A significant reduction in the number of species and abundance before and after fire in this study was observed. The losses of 33.3% species and 48.5% in abundance after the fire are similar to the data of Locher et al. (2014) in Ipeúna, São Paulo. In the cane field, where the burning of the straw occurred, there was a decrease of 31.4% in the abundance and 18.2% in the richness. In the riparian forest, where burning had not occurred, but closer to the sugar cane monoculture, there were 19.5% less records and 25% less species observed. Corroborating the present study we cannot distinguish between indirect fire effects and annual variation. This same relationship was observed by Locher et al. (2014) in a panel of riparian forest and plantation of sugar cane. The author reported that six months after the start of the collections there was the burning of sugarcane straw. When analyzing the abundances of captured species of the three previous months and the three months after the fire, it was observed that there was no significant difference among the samples of the riparian forest and those from the sugarcane plantation. However, after the burning of the straw of sugarcane, there were different species of social wasps, both at the edge of the riparian forest, as in the sugarcane plantation, despite the richness was less than three months after the fire. Which eliminating this environment, there was a decrease in the abundance of individuals from the second month after the firing, factor that according to the author can be correlated with the reduction of protected environments and trapped in the planting area, and therefore an increased migration into the woods, making it difficult to collect these, both in the sugarcane plantation, as in the edge of the riparian forest.
Rarefaction curves showed that in the pre and post fire periods the sampling effort was sufficient to estimate accurately the composition of the wasp community in the study site. However, it is important to outline that the collections were finalized in cold months (May and June 2014), what can explain the lower number of individuals and species sampled.
The air temperature during a fire can vary from 85°C to 840°C, while the soil temperatures range from 29°C to 55°C at 1 cm depth. For species of social wasps, nests can be built on the abaxial surface of leaves, in human constructions (Polistes, Mischocyttarus, Apoica, some species of Polybia), directly on the trunk of a tree (Synoeca), caught in vegetable branches (Brachygastra and Polybia), hidden in cavities, such as holes in the trunks of trees or soil (some species of Agelaia and Polybia) (Carpenter & Marques, 2001) . All these genera present in this study were vulnerable in the area of the fire due to high temperatures in both the vegetation and on the ground.
The variation in soil temperature below 5 cm depth is almost zero, reaching a maximum of 3°C, without occurrence of fire (Miranda et al., 1993) . Castro Neves & Miranda (1996) showed that after a fire in an off-course change of the albedo and heat flow in soil increased the amplitude of soil temperature of about 30°C to 1 cm deep, 10°C 5 cm deep, while the depth of 10 cm did not changed. Due to the A. pallipes nesting habit, it is possible that the burning did not reach their nests as they are found in such abandoned chambers of the genera ant nests Atta, in armadillo tunnels, among the roots of trees, hollow trunks and various artificial constructions, generating greater protection (Zucchi et al., 1995; Noll et al., 1997) .
However, these effects are short-term, since the vegetation tends to recover quickly. The heat also influences altering the flowering pattern of some species (Prada et al., 1995) , toughness of leaves (Vieira et al., 1996) and particularly enhancing the availability of food for herbivores during the dry season (Rodrigues, 1996) . The feeding of social wasps is based on proteins from the capture of insects and other arthropods, nectar carbohydrates and exudates of Hemiptera, besides cellular contents and water (Gobbi & Machado, 1985) . By using a range of features present in the environment, such as water, vegetable fiber, nectar and prey, social wasps reveal an opportunistic character, they return to places with large supply of resources or food, in search for the optimization of foraging and decrease in the search effort (Raveret-Richter, 2000) . Thus, this change in food availability may favor the social wasps and maintain populations even after the fire.
As well as the organisms, resources are also affected differently by the fire. Consequently, specialist species (dependent on one or a few types of food) can be more subject to local extinction. As for generalist species, the limitation of some resources has few negative effects on populations, since they can be replaced by another (Frizzo et al., 2011) . Clemente et al. (2013) in their study of interaction networks of social wasps and different species of plants, noted that the network was more complex in the riparian forests, presenting a higher number of species and individuals and a larger number of links between them. The degree of specialization of the network was more general in the riparian forests when compared to other phytophysiognomy studied, Rupestrian Field, which presents more strict vegetation characteristics. Interactions in the Rupestrian Field tended to specialization, with higher chances of local extinctions. An environment such as the one of the present study, after firing, can have considerably affected specialist species, which leads to decrease in abundance or even local extinction of these species. Lawton (1983) and Santos et al. (2007) reported that environments with more complex structure enable the establishment and survival of more species of social wasps. The vegetation exerts considerable influence on the social wasps communities as it provides support for foundation of nests and food resources, and indirectly affects these communities by variations caused in temperature, air humidity and amount of ambient shadow. The species of social wasps that nest only on certain conditions, select the locations of their nests by the density and types of vegetation, whether open or closed, as well as the shape and arrangement of leaves and other plant structures (Machado, 1982; Santos & Gobbi, 1998) . Thus, the alteration of the environment by the fire episode is a limiting factor for some species which explains the lower richness and abundance when compared to the first year.
The study performed by Chaibub (2013) aimed to compare the abundance, richness and diversity of social wasps with the work done by Elpino-Campos et al. (2007) , in the same area from 2003 to 2004 where there were three fires during the collection period. The aim was to see whether the reduction of anthropic action (fire) over time would generate a significant increase in the diversity and abundance of social wasps. The diversity of species found in CCPIU (Itororó Ecological Reserve and Hunt and Fishing Club) before the fire was higher (1.063), compared to 10 years after (0.916). There was not the capture of unique species in this new study. Also, there was no difference in the abundance of individuals and the richness of species in the samples before and ten years after the fire (paired t = 0.174, p = 0.872, paired t = 4.045, p = 0.027, respectively), and between the different seasons of the year (paired t = 0.174, p = 0.872; paired t = 4.045, p = 0.027, respectively), although a greater abundance of individuals 10 years after the fire had been demonstrated. Chaibub (2013) reports that with the current surveillance of the CCPIU Reserve, fires, frequent in the Savanna biome (Oliveira & Marquis, 2002) , but not in an anthropic way, became rare or null. Even with this increased protection of the area and the rare burning events, the study Elpino-Campos et al. (2007) sampled ten species more than the ones in Chaibub (2013) .
A. pallipes showed the highest abundance in Regenerating Savanna, with approximately 60% of individuals collected in the first year and more than 64% in the second, which corroborates in the study by Gomes and Noll (2009) . The large representativity of A. pallipes in the Regenerating Savanna, an area with a high degree of degradation, possibly occurs because this species is less sensitive regarding the environmental degradation, since it nests in cavities in the soil (Noll et al., 1997) . The same applies to the second year where the highest frequency is of this species over others.
A. vicina was not registered in the second year, which can be explained since this species needs hollow tree trunks or large natural cavities such as caves, since it is the species that builds the largest colonies, representatives of the subfamily Polistinae, with its population reaching more than one million individuals and a great capacity for foraging (Zucchi et al., 1995; Oliveira et al., 2010) .
A. pallipes has wide distribution, from Costa Rica to Argentina and Paraguay (Richards, 1978) . The great variety of habitats to its nest foundation gives A. pallipes greater plasticity, which explains the higher frequency in the Regenerating Savanna, an environment with high anthropogenic impact and degradation (Zucchi et al., 1995; Noll et al., 1997) .
A. pallipes, is possibly less sensitive in relation to environmental degradation (Noll et al., 1997) . In a study conducted in four cities in the Northwest of the State of São Paulo, A. pallipes was present in all study areas (Tanaka-Junior & Noll, 2011) , also being representative in other studies such as Gomes and Noll (2009 . In this study, these species, even with less frequency, were able to hold on to the second year. Especially B. lecheguana that was observed in the first month of post-fire collection, but the nest had deceased due to fire and more individuals were not observed in the remaining months.
In the study by Souza et al. (2010) , through multivariate analysis of indication value (Species Indicator Value), obtained through the Monte Carlo Test, in order to assess the ecological relationship between social wasps and the different faces in the area of study revealed that Poly. fastidiosuscula (Saussure), was present only in preserved areas, however, for M. drewseni the indication value was for degraded areas. In this study, Poly. fastidiosuscula presented the same abundance (n = 3) before and after the fire. But M. drewseni, corroborating Souza et al. (2010) , presented only one individual in the first year and after the fire were ten where degradation was bigger. Rodrigues (1996) and Vieira et al. (1996) report that resettlement may be of two types, endogenous or exogenous. Endogenous resettlement is carried out by individuals who survived the fire, either by taking refuge in shelters, nests, or move temporarily to adjacent areas and when resettling in the area their offspring spreads. Exogenous recolonization is characterized by the death of local individuals and establishment of immigrant individuals, usually coming from adjacent localities that were not affected by fire (Marini-Filho, 2000) . This area of Regenerating Savanna is bordered on the south by the Universidade Estadual Paulista -UNESP and on the northeast by the State Forest Edmundo Navarro de Andrade (Cardoso-Leite et al., 2004) . In the lower part of the area, there is a river that forms a Swampy Wood. (Plattineti-Júnior, 1979) . These two vegetation areas may have served as a refuge for social wasp species or feeding the burned area with species.
However it is difficult to determine how long the animal community recovered from the impacts of fire. What the different studies seem to show is that apparently these recovery processes seem to be more rapid for the invertebrate fauna (Vasconcelos et al., 2008) than for the small vertebrates fauna (Fariaet al., 2004; Henriques et al., 2006) . Once noted the considerable impact on the richness and abundance of social wasps after the fire, monitoring in the long term is important to verify that the restoration of fauna occurs. These aspects motivate most studies in this area in the long term.
